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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film micro- 
machine type resonator which is improved in driving 
efficiency, a thin-film micro-machine type resonator 
gyroscope which is Improved in detection sensitivity with 
respect to Impressed angular velocities by improving its 
driving efficiency, and a navigation system and an 
automobile using the resonator gyroscope. 
SOLUTION: The thin-film micro-machine type resonator 
comprises a tuning fork having arms 2 and 3 and a base 
section 4 connecting the arms 2 and 3 to each other, first 
and second electrodes 10, 12, 11, 13 respectively and 
separately provided on the insides and outsides of center 
lines drawn on the principal surfaces 5 of the arms 2 and 3, 
and first and second piezoelectric thin films 14, 16, 15, and 
17 respectively provided on the electrodes 10, 12, 11, and 
1 3. The resonator also comprises third and fourth 
electrodes 18. 20. 19, and 21 respectively provided on the 
thin films 14, 16. 15. and 17. 
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f^^(?>|g§^{C*3V^T. t^y^V- (S i) <D (10 0) ® 

i:^3iy^ic43tt^ (0 10)®, (Oil) m-^tzn (o 
0 1) m^^m:^\^ tmM\cfj:^^o\cvx 

[0 0 5 1] §f^^3 6 ^C|B«(^^5g^i, »^]^3 3{C 

[0 0 5 2] n^ms 7izm^<o^mit. mT^ms eiz 
m^(D^m\^^\^>x. p t - T i mtmmmmt(Dmz 

^ (PLMT) M;^5^ltbtLrV^Sfc«). PZT^iD 



jEmi^ji^t^ ^^/.f gaiRi (om^^n^ (Dnmasim 

(0 O 5 3] ff^^3 8lC^^O|g§^fi, M^^3 2JC 

(PZT) , Mg, Nb, Mn<^l^d^P,/I^/^< 

<!rt> lo^J^XL^nfcf^^v^v^^^wa v^g,^ (PZT) 

1 0 0 5 4 1 it^js 3 9 \cmm(ommu. SB\Z 
t^m(D^m\zn\^^x. i£mmm^. (0 0 d m^r- 

1) mti^T-j>.(o^m\c^icm}^vtc-iE:^^mi^xh 
^tzibs WM^^tzmmn^(o:^\^izi^]^xm^(Ds^m 

[0 0 5 5] it^^4 0 \cmm.<o^mu. m^ms 2 

^ S^iff {^co FbI {c^ ft ^ i^T V ^ 6 ^6. 2 
^^jl^|^|;i4o Jt S r K ^ ^/Jn $ < -r -5 i: 

[0 0 5 6 1 If 1 {zm^iommn. n^j^s 2\z 
fBm<oig§g{c*5v^T. ^3. ^4. me comm. m2(D 
9i#aiumm. Tmzm\f(D^tzT imt±mzwtii' 

<, ii^o. ^^^j:±n^m^m^x^^t^^^i^m^^ 

[00 5 7] ft^^4 2 (C|S«<?>|l9^tt, fl^JS 3 2 
SB«c0^9giC*5VNr. IBK «P3. ^4. i^5. 

mecomm. mi. m2(D3\^m\^mmRxfmi. m 
2. M3. m4<Dmmnmtf^T-j^(o^^sbmzmvx\^ 

m^^^6CDS^u?m3. m4<DmtEtm2(D^\^m 
\^mmm\zm±ir:5mmf^^fi^^^^-r>±/ui'^ c t 

[0 0581 g»*^4 3 {zmm<D¥^mn. m*3g3 2 

mm<D^m{z:i6v^x. mitm4<Dmmm^Rxim2 
tm3<Dmmtim^^wztt!i;^mi tm2o:>wmtm^ 
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[0 0 5 91 5S*3®4 4IC|S«C0^^H:. m^ti^S 2\Z 
[0 0 6 0] a*^4 5lC|e«<0|g|gtt, fg*3l3 2{C 

[0 0 6 11 iJiT. 2|c^5go^^S<o?^®l;lov^T. mi 

[00 6 21 (Hiit^?^® 1)01 \t^mm<ommm^ 

[00 6 3] i2i-^4ic:43v>T. m^]^m/J^MM^ 
(^T. > 2, 3r±*^^i<or 

-A. 4fi*^l(0Sffl. 5W:*S^10^ffi, 6. 

7«r— A2, 3<;5tj>^L-iS. 10, iiiir— A2<^^ 

X tilths 1. m 2 (Dmm. 12, isi^^r— 
j>^3(o^m5 ±\c^^bm7 ^m\c[^m. ^m\c^th^ti 
mm^^xo\zmf(btiitmi.m2(Dmm. 14. 1 

0.^1 (omm 10, 12 ±{c-?:tt^n^tt e>H:fci^ l 

<r>^m»m. 15, i7rir— A2, 3<o^'£.-j»6, 7 

^^tC^iWtffclJ, d^O, S2<0@:^1 1, 13±JC^ 

tv^thm^bn^m 2 <omm#j^. is, 2 0 1 <o 
14, 16 jiic^tL-ettisiJt hMcm 3 <om 

Si. 1 9, 2 l«:S^2<?5BEm»Ml 5, 1 7<K>±\:i^fi 
[00 641 ^^iri. 20<Dr — A2, 3i:T— A 

2, 3*jiei-6^a54^srWLfe^'y =^^^ (sd d> 

[0 0 6 51 121211131 lC*3tt6^S^l<OT— A 2. 
3 (C*3Jt 5 A - A»f®ia-Cfc So 

[00 6 61 r- A 2 ±tc|git ^.n^m 1 (OlEm»M 1 
4tm2 (DB^mmm 1 5 n^^tM e %:m\cmm u■cv^ 
5o i^«jcr- A 3 ±ic^»t ^tvfcSf 1 (OEEmmm 1 6 

^^2 0IE®^]^1 7«:^.6j|S7€:^tr^F^UTV>-5o 

^fc. i^3om^£l 8 t^4<7>mffii stji^'L^jHe^r^ 

JJlHiraU-C^Si:). B3<O®8i2 0i:»4<omffi2 1 1>t!' 



[0 0 6 71 ^l<Offim»]^14, 16,m20Em^ 
^15, 1 7M:. V>'rHt>^^^-®i^/i'=»^^^ (P2 
T) T?*>So 

[0 0 6 8] £ilTli:*^l<03Sf^7^n-fe:;^^«*|cSi 
5^i-6o ?Di?>IC, li&^^O. 2mni<D (110) ©Ov- 
y (S i) ^^^/N^rS^L. wi^vya^- (S i) 
!>:=^^>_hJ::^i . ^2omffii 0. 12, 11, I St 

J:l9iJ&i o oAo^$i:/j!-5J:plc:fi^^U c:co±tc± 
SSffiS^fllfife-rs P t-T i^to#)[sftr;^>'^*y^?^L<li: 
^«lcJ:l)B&4 000 AcDif:$i:/^5J:9l-^U 2fe 

->^j^f)>ma^h.it^i^>m^ (PLMT) m (®^-& 

T) ^^^^y^lcJ:0B&2 o 0 AiOi?:$i:/j:eJ:ptc^ 
l^U rojitc^i, M2<^ffim?il^i 4, 16, 1 

5, 1 7 tl.X<o^i$':y^t>ju=2>m^ (PZT) 

«o ^3, ^4<^m^l 8, 2 0, 19, 2 1 

^mtrmfSt't^Au, Cr, Al, Cu, T i^iDUP^ 

^:^y<y^hi.<nmm\^Xr)^3 O 0 0A(D^$^2^jr 

^^"m^^ m^iow^i 20, 19. 21,^1. m 

2<r>mMMm\ 4, 16, 15, 17. PLMTM. 
1.^2Oli;Sl0, 12, 11, 1 3. A2, 

3. ^^4CD?^:<^lcAnXb. 1 ^# 

So 1 o^ib^rRi (x^(R]) ti^ys 

(Si) (^(1-11) ®*;/i:fi (-111) mt'^U 

IS:<oii5v^*^^l i:-t-Sr irASTtSo ±ero-t;^jc 
J:»9?^^$tt/c*^^l(^-^feH. ^*ilmm. :ife;^5 
mm. ^^tmo. 2mmT. Silb^fRj (X:3^IrJ) <D 1 
iJ:^- K<^*^^»»H ( f = 1 7 k H z) -CfeSo 

[0 0 6 91 ^T\z. r <o^^ 1 <^)i5f^i^3l^cov^r 

i»5grSo 

[0 0 7 01 ms. m4\c^\^x. sxyt^m^^^m 
-t-^R]. 3 2, 3 3\tM\<omnmmi4(omus^^ 
:^i-5cSi-e$>So 

[0 0 7 11 0 3. ig4ic*5i.^r. m\<owmiohm 
3(7?m<ii 8oFai(c^DC2 0 v^R3j[nir$^. i^mti 

10, 18 icS^^nfcm 1 1 4 <^)^@-<iJ^ h 
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15, I 7i^mcX^iiC^^i3HC7fkir^^tj::^^[z^ 

\.xm 3 {c^-tj: 0 \zm 3 (onm i smt^m i <DmM i 

{-mjE^mnir^ tm i (oj^mMm 1 4 ti^m s i tc^ 
'r;^fR](0:^^-<>5^ ^>'^^li^i:^J^^^3 3co;^rpi{c^iitfo 

[0 0 7 2] Ufc:«)5oT. HKOm^l O^GNOm^ 
^;GDi-$<i:. MlcOJBESaEiKl 4f^^Bl3 2, 3 3 1^:^ 

[0 0 7 3] ^fe, m2\c^i-m3^ m4<ommi s. 

1 9t;iSV>Hi{4tBd5l 8 0" M:^J:^^mmj£^WJ3n'r^ 

mmm i 5 ft^t?. m{z. m 1 (ommmm 1 4 ;ds«itf:© 

[00 7 4] &.±<Dmm\zm-5^^ msoymm 18,2 
ojni^ftfcti. m4<Dmmi 9, 2 i{c^LT{i^3com 
His, 20 tmik^<D^m,mm^i^m^^ t , 

-rSo ^;^C. mi . ^2(Z>JEm?iEMl 4, 16, 15, 

1 7 04^ J: to 1 ^ 

12, 11, 13. mi. mzcDKmmmi 4, le, 

15, 1 7RUm3. m4<DmMl 8, 20. 19. 2 

Ml. m2<D}^m,mmi 4, le, 15, 17^^:^^^- 

5^®m#o^"<^:^>^;65^</j:9, mi. m2<;ojEm» 

M14, 16, 15, I 7(DWim^^i^WV. ^m^T- 
[00 75] ;4s:^jlfe(D?|^Ji l (C*5V^TIi. 1 CDi^ 

:*<or-A2, 3(0-;^(DjfeM5lcmi. m2, m3, 

m4(Dm^25Lu^mi, m2(DiE«^^^^tt5m(co 
^fctt. i^^sjeimi. m2. ms, m4(ommRxj^m 

1. m2<^JEm»M«rSittTI^*fi$'1J:-5ri:t>Rrti 

[0 0 7 6] laSfii^yaV' (Si) (110) 



V>So 05(Ci3l^T. 4 5Sfc5^>lt 1 3 5£^0 

:^^-cy^^'f>^M±\cf:i:^^t:^^i:>:^^^^ [hI$S:^||4 5 
1 3 smt^ ^th^'ti< 1-11 >:J^i^. <- 1 1 

I >^lP)J;i^ifei-S, bfc;55oT. *^^lco^^;^f^ 
Sr;^x>r>'^^;^;6^*::^^/^-5<i-i i>:*rfR}. <-i 

I I >:ti^i,zm^\iL. x'om^^mmm^<om\^^m^^ 

[0 0 7 7] [il6}i^l(C^-rr-A2, 3C0^cS5{r 

(0 0 1) ®2)SiB[pjufc^®f^rB#3t6omi. m 
2<Dmmmmi4, le, is. i 7<^><ooi>;^[^ 

ic5^^*n,^^fTofc^<^5)^t^it^^^^-ro mi. m2(D 

I^mmmi4, le, 15, 1 7<^<oo i>;^ir]12:^ 
MT^mWiW^mzMi^X, 4<:><o^m^^ h/i^:^i^<i 

11 >x <1-11>. <-l-ll>, <_111> 

\^^mtfj:^. x^f^mWim^^M^xh4^r>(D^m-< 

Jo 0 7 8] 137 tt, ^mmnmmtDmti^x. muz 
^t"r-A2, 3(^)^®5(cwt;i (ill) mibmi^ 
\^tziE:^^Bm7^(Dmi. m2(Dmmmmi4, le, 1 

5, 1 7(D< 1 1 1 >;&iRi(z:5>«to31SrfTofc«<o5>ffi 
*tlitr7i^i-« mi. m2<ojEEm^^l 4, 16, 15, 

1 7<^< 11 1 >:^\^\zmu'r^m^},zMLx. 300 

h/i':^lwl< 100 <010>, <001> 

^^{^f^<fj:^ft^. \i:^TVU:^<D{j?^fj:\,^^m'^l^m 
[ 0 0 7 9 ] 1 {d^-r J: 5 (^:i21&SlSSr«^f am 1 > 

m2om^io. 12, 11, 1 3. mi. m2<^jEm 

»^14. 16, 15, 1 7. m3, m4(?5m^l 8, 

2 0, 19, 2 11*, A2, 3O^®5c;0l>:^^^* 
^S^4 35^0F«'5{c^ttaco;aW^UV\ fsr^/^ef^, 
T— A2, 3(D^©5 Jlt^:*3V^Tr— A2, 3C04i*S 

^^i>^t^m\zmi. m2<ommio, 12, n, i 
3. mi. m2<DEEm»]^i 4, le. 15, i7.m 
3. m4om®i8, 20, 19, 2i^mm^?>t. 
^^ior-A2, 3(om»:^\^ (x:^i^) (di^:^ 
- h^<r>^mmm^ ( f = 1 7 k H z ) {c*5it5r 5/ 
^>:^2:^i,mmi:^\^ (x:3^Irj) o2»:^-ko*^^ 
(f = 1 1 OkHz) IcjsJt-ST K^j'^v^'idS:*: 

^<tii^ftib. mx.^ii^^-h*<D^mm^mxmm^ 
-^xh^^t-ibwm^i^^mu^titzm^. 2^^--}^(o 

[0 0 8 0] :^mm(Dmmiizi3\^^xn. mi. m2<o 

S^lO, 12. 11, 1 3$rGNDm^3lt*^3®GN 

Dmrntx.. m3(ow,miB, 2o\zmmn, m4(om 
mi 9, 2 un^uTfims^ssi 8, 2o^:i»a« 
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(ommi oi:m 2 cornel i^t/mi<^)msi 2tm2 

0, 12t»4<DSgl9, 2lt^m^RrJf(i2(Dmm 

11, istmsoymmis, 2ot>mwj:hmzmi 

omSlO, 1 2<!:^2<omffil 1, 1 stmw^^j:^ 

6, 15. 1 7^mi\x^hmw)mn^iz^<x^^t 

mmc^ ^fiEm^Mi 4, i e. is, i 7-^R7;!inf s 
[0 0 8 1] 1 ^;l^oV^T«:. mi. m2\z 

^i-ct^l-. Ml. ff2<D£Em^Kl 4. 16, 15, 
1 7<om9^fS3. ^4<om^l 8, 2 0, 19, 2 1 

<Dmm^^-mr)±^<\^. mi. m2(DmMio. i 
2. 11, 1 3<Dmm^mi. m2<ommMmi 4, i 

6, 15, 1 7 0ffiS9J;!J-lEl9;^#< UTV^5fc^^>. 
iStcMa. m4<^)m@l 8, 2 0, 19. 2 1*fcl^^ 
1> M2<0mm^Ml 4, 16. 15, 17<OV^i*tU*^ 

m^i8. 20, 19. 2 1 ^mi . m2<om«ii 0, 

12, 11, 1 3^<?5Mi^S:B35Cc:i:*5-et5o 

[0 0 8 2] ^fe. 5jw||lfiO?^^l(C*5V>Tfi. 01. 

ia2Jc:^-t-ct 9Sc|Si> :M2cDm^^i 0, 12, 11, 

istmi. m2<ommMmi4, le, is, i?;^^ 

10, 12. 11. 1 3 i:^l. m20EEm^^l 4. 

16, 15, 1 7<K>mmn^:^^v^ ^ v^<ommmxm 

5 wirtcJ:!!), iSJclB3. f54<omffil 8, 2 0, 1 

9, 2 i-^ftitmi. m2<Dmmmmi 4, le, 1 

CAi»^t?t>»3, «4<?:>mffil 8, 20, 19, 2 1 

tmi. m2<ommio, 12, 11, i3t(omB^ 
[0 0 8 3] ^it^ 2^*ife<oj^ffii ic*5UNTtt. m^m 

(s i) Srfflv^;fe^Jl^:ov^TS^.lguT^yt^^ 

[0 0 8 4] 2(s:||lfeOJi^ffil^C*3V^Ttt. »1, 

m2<^m^l0, 12, 11. 1 3ds. T^tct^tt^tt 

ib. T iKA^e^y 3Vd*fe/j!5^®5ilU5P t-T ii© 
P t -T A2, 3 0^® 

5(c5^i^Ttc (0 0 1) mt^mi^i^tLmmf^^mi^. 

I*. (Ill) ffidsgai^ UfciE^S»5gOP Z Td^e>/ji 
eMl> ^2<:0JEmi^]^l 4. 16, 15, 17Sr^^f 
JCJgj^Tt. fcJ^7^!;i^:^^O^i;'/j:V^^^l;5SSI^-C# 

151. B2omffii 0. 12, 11, 1 30 
±um\cn I r - T i ^mhrnm-^mx;^^. ud^u. 



[0 0 8 5] ^tz. :$^m^(D]Bm 1 ^c:^o^^r«:. mmM 

i^(0«3ptt UTPZT^^V^rift9^UTtfc^5. PZT 
ICMg. Nb, Mn<OI^d^e>^J^/j^< 1 lo^JO;tytP 

ZT^<^|^|s^ffiv^5ci:t>■sTi[g-e^i>6o ::oJ:^(cpz 
T, PZT^<D«■^s^^^v^-5CiT•£Em^&;65:^ctv^fc 

[0 0 8 61 :^mm(Dmmi\::7r:^m^^*). ms. 
m4<Dmmi8, 20, 19, 2i<Drm\cm^^ti^ 

mis fR2<DBEWMfS^l 4, 16, 15, 17.B1. 

m2com^io. 12, 11. I sii^^n^nmm^f^ 

[008 7] * fc. mi \cm^x 0 \z.^xBi^(Dm^^ 
i(o—:^<D^ms(D:fy-\cmi. m2. ms. m4<omm 

10, 12. 11. 13, 18, 20. 19, 2lRXJ^ 

mi. m2<Dmmnmi4, 16, 15, i7%:m^i. 
[0 0 8 81 i^tc. >^mm<omm\^:i6\f^x\t. t—j^ 

2, 3. Sffl4*^^^5^S^X©^®5i:LTi^!J3^- 
(S i) (110) m^^y^(Dm\^o\^^xmmvtz7bK 
vyi2> (Si) (10 0) ffi!^^^^^^fflv^;5ri:t>w 
tfe-cdb-So r<o!5^ai/NjciibT> oS6o*<o 1 o>:*'r«i 

<oio>:^iRj. <o 1 1 >:i^f^*fcii<o 

0 1 >:^m{zi3\i^xM&<oXu[z.M^^::x,T ^ 

^^b355/h$</^eo L^cd^or. (1 0 0) ®^7:3iyN(C 

*5its (0 1 o) Bi. (0 1 1) m^tcn (0 0 1) m 

St»<7)y<7:y^O/J^$v^^«^;6q#t>^^^. <0 

1 I>::)^rfi3r4;^ 7^-^:7:^;^ ^:^tv>fc«>. ::<©^iRiSr^ 

(00891 (Hmo^ffi 2 ) IS 8 (^:$:%^<D^lj&<Z>^ 

13 9 ni^^S^-:^ir-r or— A<D B - B »f®ia"cij> 

[0 0 9 01 08. 09lC*3VN-C. 4 0lli[R|»/hai« 

1, 42\tm5<Dmm. 43, 4 4tiB3(offm»K[x 
45, 4 6txme<Dmm. 4 7rt:s^i<o?itwum«. 

4 8, 4 9«:te^. 5 0, 5 lf±Sg2C05ltaiU®l£ 
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[0 0 9 1] i^y ^iV- (S i) d^^/jiSr— -6.2. 3<D 

<??mffi4 1, 4 2 i w0^5(^l;^2i4 1, 4 2±^::■^^^ 
^ttgl:JtbnfcB3offim^^4 3, 4 4^::(^^3t?:) 

45, 4 6i:;6^^1f|^$i^rv^6o ^5(;:)miM4 1, 4 
2{i, SSI, ^2<^miSl 0, 12, 11, 13<!:I^i^ 

±\zL±^m^m^i-^m4 o ooA(om^<Dp t-r i 

^m^^^^Sa^t P Z T^;6>^>7^it6m3 CDflEm^^4 3 
i:tDr^{c:{±jil&2 o o A<DJ^^<DF LMTMii^nn hHX 

^m6(Om@4 5 t>m3. ^4comiSl 8, 2 0, 1 

9,2 1 tmm\^T^m\^m^'r^m2 s aoii$<dt 

[0 0 9 21 r— i>.2(^)^®5±JCtfJ.i:.^j||6$:^ 

tpJ:5Jc:, id^o, IB2(^WSio, i i ti^fitW 

J: p{c:^tt^ttfc||lcD§I#ffiU^i^4 7Um5<D 

mm4 itmm^^x:is^, mi<o3\^m\^mm4 7n 

4 7 ^m\r\ f>^^. mi. m2<omui iioF^m 
x^mi. m2(D^mMmi 4, i5(Dmt:mib^xo\^ 
fSJt^ttrir>5o ^hK^ m»m4S(D±{cntp.bme 
^^t?J:5l-. ^^o. Ms. »4 cornel 8, I9^ti 

mm'r^x^\cm2<D^\^mi^nMsot^^^^ibtis m 

6(^>mfii4 5i:ftJi^$i^TV^5o ffiP2 0§ltmLS®5 
0fi^6(om^4 5 <t|^^{;iTI(PiBiI^1ij5fei-ai!&2 5 A 

<Dm^(DT imts ^<o±{z±um^mfjSL^i>m3 o o 

OA<Dm^<DAu^<DUm^^:f^^mX^tg:^o i^c 

<. r-A3o^®5±(ctf>.L>i»7 (m^-^-f) ^-^tP 
iptc, d^o, ^2o®^i2, 1 3 I j:giF^-r 

5 J: 5 l-H 1 <c»SI t m b«ffi38SK:it bixT*3 •? . r <dS 

i(D3\^mLmMrim5<omm4 2 tmm^fix\^^^, 
:i<omi (o^\^m\^mm(D±\zn.mmm4 atm cm^, 

3.:^4om®2o, 2 1 tnmmT^xo\zm2<D^\ 

^te5 i\^me(Dmm4 e tmm^tix\^^^^ 
[0 o 9 3] ^^^fe<o?^^i2^c^b*v^T^*, ms. iii9ic 
^-f-^^i^mi. m2<DEEmMmi 4f le, 15. 1 
7(?5®afSr^3. m4<3:>mfiii 8. 20, 19, 2i<jd 



mm^^-m^±^<u mi. m2(omMio, 1 
2, 11, i3<Dmm^mi. m2<Dj£Wimi4, 1 

6, 15. 1 7<Dm^^^~\B\^±^<VX\^^^fzit>. 

mzms. m4<DnMis, 20, 19, 21^^*^^^ 

I. M2<DBEmMl^l 4, 16, 15, 1 T^TJV^-fH;^^ 

tc>'^•^->'-:x^rcom;^|5^fel:i^^l#'^-et.^3. m4(D 

mmis, 20, 19. 2 1 ^^1, B2<^m^i 0, 

12, 11. 1 3 t<OMj»S:B&Cr^;&S-C#5o ^fe. 
B3 0EEm^ai4 3, 4 4<DSD«^m6(Z)m^4 5, 4 

6 0®aiJ: f?--[Hl»9:^t < :ll5com3®4 1, 420 
lSa<SrlSE3(0JBEm»M4 3. 4 4 OffiSJ; 9— 
< LTV^6fcae>. {St^^6<Dmi3i4 5, 46*fc«S3 
<?5jEa^J^4 3 . 4 4 (D\,^Ttht>^\Cy<i$r—y=.>^<D'f 
HdS^Cfc^t?t>m6 0mffi4 5, 4 6^m5<^«fii 
4 1, 4 2 i:(^M^^^B^Cc^^:05-C#5o 
[0 0 9 41 Iil9^v:*5V^X^^. ^^1^4 8, 4 9 

itm^mcmi. m2<ommi 0, iKDm.mi.m 

20jBES^mi4, 1 50Fb1. :^1. :^2<om«61 2, 

1 3 (DmRxj^m 1. m2 (D&mmm i e . 1 7 (om^m 
^^xo{c^kfibtifcm{c^\f^x^mL.±ti. mi. m 

26Q^fiilO. 12, 11, 1 S(Dm^±i$ii>^l^'ft^ 

mn±i^Ri)^mi. m2(D!^'mmmi 4, le, 15. 

:i^5<Dm«i4l, 4 2<Dmm±i^i,^tb 

ftmmn^i^Rxfm 3 43, 44 mm^i^ 

8, 20. 19, 21, me(r>mM4S, 46. 

J*, mi. ^2<OBEmjtmi 4, 16, 15, 17,^ 

Z(OmMMWL4 3, 4 4(0\i^'ffhtAC^ttiiy<df — :^=:^ 

Vij^eo'ftL;«^s^cfe^(c^, mi(Dnm\otm3<o 
nMiB<Df^. mi(DmMi2tm3nM2o<Df^.m 
2(ommi itm4(DnMi 90^, m2<onMi st 
m4(Dmm2 1 <om. m5<Dnm4 1 tmB<DmM4 5 
(DmRxj^m 5 <^mm4 2 1 Me co®ffi4 e (om-^iom^ 

[0 0 9 5] ^j/t. ^m^i^^^u4 0<D-^mn. 
1mm, :^;^5mm, ^$^0. 2 mm-C. mm:^\^ 

JE-^lfcilD f = 1 7kHz-C. «Sti3^fRl { (^ffiSlC^ 

fif = 1 6 kH z-C$>a. 

[0 0 9 61 £4T«C, :ftSftC5«^ttij^3lJi:oi/>Ttft|^'r 

[009 71 ^Jfe<?:)J^^i"eiJ£5^ufc<t5t-r-A2. 

3if^X:^mcf =1 7 kHz-C*SLTV^5»ffi■T?Ytt 

T-A2, 3_b(J:^n-?:-*ts^(tfetvTV>5»3©Em» 
M4 3, 4 4jCfi, ■€rnmiSfrr^ir<?5S:j^;5S^^-^5^ 
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So 

10 0 9S] ^mm<omm2Kts\,^x^ mi. m2<Dm 
mio, 12, 11, 1 3^ mis m2<Dmmnmi 
4. 16. 15. 1 7tK nm<ommi^m,mi^itxo 
icr— A2. 3(o^^L-me, 7 (ia2ic^-r) ^m\^m 

-a:, d-o, i£mmm(o^^^wm%:mtfm\^^tzii!>s mm 

^i&<0^«?)0^1. ||2(OBEm^Kl 4, 16, 15, 

1 7i:«ltti<0:fc«>C0S^3omm»M4 3. 4 4l>aira^? 
tLTl^^fcJ?). ^4 0l;@l 8, 2 0. 19, 2 

ii:^6com^4 5, 4 6m\c^±^^mmm^fic.^tt^ 

(0 0 9 91 *fc. 2|c|llfe(^J^fii2lC*5V>T'{>|IJfi<?^?^ 
Bl tl^C<. M2(Om^l O. 12. 11. 1 

8. 2 OlC^teft. SS4<D«Sl 9. 2 llC^Urrif^ 

ov^Ttftl«LT#fc^^ mi tm4(om^;&s(^ta2stT/i5 
2tm3 ^Dmma^m^mwzms^m i tm2<ommifm 

^mn,nmi4, la. is. 1 7--R3^njT#-5^sjm 

[0 1 0 01 :*:^^feco?^^i2^ci3^^r. ^3. m4(Dm 
8118, 20. 19. 2 1. mi. m2(DEEmn^i 

4, 1 6, 1 5, 1 7it. mm<of^mi tmmcr-M. 
2, 3<D^st>i^6, 7^m\z\^x^tL^t\.Mm^mm^ 

[0 1 0 11 ^fe, mm<oj^i&2\cm^x^ mstomn 
mm4 3, 4 4 ^1^1, m2<Dmnmmi 4, le, i 

5, 17iimmi.. d^O.B60mffi45, 46tm 
S,9i4<DmmiS, 2 0, 19, 2 1^SJilraUTV^5 
ftl^. fR6(DmM4 5, 4 6 ^^3. m4<Dm8il 8, 

2 0, 19, 2 i<Dmic^±'ri>mMB^^^tmm 

[0 10 21 ^fcx *llife<^J^fi62icioV^T. mis m 

2. ms. m4. ms. me<Dm^i 0, 12, 11, 

13, 18, 20, 1 9, 2 1, 4 1, 42, 45, 4 



6s mis m2<D5i#aibm8i4 7 (jtej&M4 9To^ 

l(^^l#tiiUmi£«S^-frT) . 5 0, 5 1, mi, m 

2<^iEm^^i4, 16, 15, i7Rx^m3(Dmmm 
M4 3, 4 4;a5, r— A2, sioi^^L^i^e, 7^mcv 
x^ti^nnmcmm^fix\^^^tLtf>. m3. m4(om 

mis, 20, 19, 21 tmS(Dm^45, 46<0^ 

{zm^-r^^Mm^^^Rxj^. ^3, m4(Dmmi s. 

20, 19, 2 1 tm2CO5ltttJUmSS0. 5 1cO^ 

rf36^f3d\ x:^\^-^<DmW}mmmcme<omm4 5, 4 

[0 10 31 >*=IIJfe<^J^IS2irjoVNTtt. m^D^nfc^ 

[0 10 4] (,mM(Dj^m3) miO (a) 
— :^<?5^®ffi!ld^?>^fc:j^«®. miO (b) ttl^*^ 

[0 1 0 51 Ell 0, 01 l^r:fcl,^T. 60fi^]i[a/h 

6 1 0 6 0 <r>—:fj(D^^B tn^^^WL 

nm im^) (o^ms 6 2, 6 3«:r— a2. 3<o^m 

6 iJilC-iErn^iT^^tt^ixfcmStDm^. 6 4, 6 5Ji 
B 5 c^mffi 6 2, 63 ±lC^tt^mS:tt e>ixfcm 3 OJBE 
m»lK. 6 6, 6 7«:m3<OjE«ME|K6 4, 6 5±tC^ 

n€n^{tbtvyb®6com^t?fes. m5(om^6 2, 

6 3, m3<^)i£S»||l6 4, 6 5 i:m6<7)l|ffi6 6. 6 

[01061 ^m^^'J^^t P 6 0 <^:^^$iJ^<«^Sm 
5<;3m«i6 2. 6 3. m3<^ffim»K6 4, 6 5<!:m6 

1. 2xwmi.iti,<otm^m^m\:^x-h^. 

[01071 ^^IfeO^^IS 3 ^Ci3V^T^i. 010. 01 

ilc^J:5lcmi. m2<^JE«»Ri 4, 16, 1 

5, i7<r>mm^m3. m4(onMis, 20, 19, 
2i<Dmm^y)'-M^x^< l. mi. m2<omffii 
0, 12. 11. i3(omm^mis m2(r>m^mi 

4, 16, 15. 1 7co®gf<t < brv>5 

yti?>. i5(cm3. m4<^m8gi 8, 20, 19, 21^ 
it\tmis m2<oBMnmi 4, 16, 15, l7m^ 

m4<75a;ffii8, 20, 19, 2itmism2(omM 

10, 12. 11, i3b<omil^^m<::itt^xf^^^ 

^its m3<Dm.nwsk6 4, 6 5<©ffi«^m6<Dmai6 
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6, 6 7<Dmmj;:^—m^i^^<v.m5(Dmme2, 

lO 1 0 S] :^mM(Dj^m3^Z^\f^X, miO (a) id 

v>s;6^ mio (b) kc^-rtk^m^-^v (s i) 
:d^^?fe5r-i>.2, 3<D±m6i±<o^m^hmM4^^ 

^flX\r^fJ:\^^tzi^^ =^V±VMCj^m\^XT-~M.2, 3 
[0 10 91 ^^lSO?|^S3{C:^V>T(±. m^^%:^r 

lo 1 1 o] :^mm<oj^m3\cns\^x\t. m^u. 

'P^U^^^&U4j5:W<Dm\^^ii'f^Hx\,^^tcib^ 

[0111] :^mm(DMm3\c^\,^x. mi. m2<Dm 

miO, 12, 11. 1 3. «1. m2CDJBE«»li[l 

4, 16, 15, 1 7 1 , 27?fie^Lfc 
Xo\CT—M.2, 3(D^itM6, 7 (El 2 (C^-f) 

<^>^^;J5r^± Ufc*^t>^>f n 6 0 %:mm.X^ ^ 
iEi&(^)fcae><?5mi. m2(^jBEm^JKi 4, le, 1 

5, 1 7 tmm(Diti^(Dm3(Dmmmm6 4, eshm 
ra$Hxv^5^i?>. ^3. m4<ommis, 20, i 

9, 2 1 ^m6<?:>^<g6 6. 6 rp^ic^^rs^fti^^ 

[0 112] ^fc. ^mm<Dmm3\z:ts\,^xi>mm<om 
mi, 2tm\:^<. mi. m2<Dmmi 0, 12, 1 

1. 1 3^GNDmffi3l«fiSGNDm«^r U ^3(7) 
«ffil8. 2 OtCl^firfS, :®4 0mSl 9, 2 1Jc:^U 

x\tm 3 (omm is, 20 tmi^L^(o^m.mm^mu'r 
^m^o\f^xKmvx^rciiK mi tm4<Dmm7^^m^ 
Rxj^m 2tms (ommmn^mc^mm 1 tm2<Dm 

tzii>. ^f^mn^i 4, 16. 15, i7^!^mx^^ 



[0 113] ^mmmm3iz:jsv^x. ms. m4(om 

mis, 20, 19, 2 1. IgK ^2<^Em^^l 

4, 16, 15, i7n. mm(Dmmi, 2tmm^cr 
-A 2. 3 0*^^«ft6, 7 Srtttc ur ^ti^ns^ff^jjcia 

@$nrv^5fcJ6, ^M^i^^4x2 6o\cio\^^xm^(D 

[0 114] ^fc. :^mm<Dmm3\z^},^x^ ^soji 
m»iig6 4, e stmi. m2(ommmmi 4, le, 

15, i7^sp|tpBlu mecom^ee, 67tm 

3. m4<Dmmis, 20, 19, 2i;omiLTi/^5 
rcje>. jg6om^66, 6 7 ^=^3, sp4<oaai 8, 
20, 19, 2 i<Dmz^^'t^m&^^^^^i:fmm 

[0115] mm(Dmm 4 > 1 2 }i:^mM(Dmm(D 
Mm4\c$irf^mmiymm^^^i^^^ uiomm 
a wii 3nm^m^i^-r^y^<DT—A<oD-Dmmm 

xh^o ^^M<^?^li4lc:joV^T. Ilife<^?^^i, 2, 

[0 116] 1|12> Ell 3(C*5V>Ts 7 0i^mmWi^h 

. 7 ii^^mmti.x<Dm4<Dmmnmxi^^. m 

1, 2, 3-eift§^Ufc:t>coi:S;$:6«j(c:f^Ci?^:5o 

[0 117] r— A2(^^®5_ttc«^i.L>IS6$r-&tfJ:5 
ic. :d^-o. :api, ff2<^fl;ffiio, 1 1 ^rftHtrfSi-Scfc 

o\:i^\'fibtitimi(o^\%mi^mm4 7 (co^i<d§i 
#ttjL®^4 7«. »5(omffi4 1 tmm^nx\f^^) 
±\z^2ooA<om^<DPLMrm^^Lxmi. m 

2, ^3(?:)EEm»^i 4, 15, 43 tm\:.m^<r>pz 
T^/i^tbfj:^m4<D&mmm7 iTi^^nb^xi^^^. $ 
e>(c, z(Dm4 (omn.mm7 1 nm3(Dmnnm4 3 \c 
m^^^. ^^o, ^(Dm4<ommm!m7 i<o±\cm2(D 

^®s±(::B8;ft?>^xfcmi<?:>5l#Wum« da^-fr-f) 

±fr r-M. 2 (D^m 5 bntcm^ t ^ o ^ < 
i^i:«^-cm4<?:>ffim»ii[ (jg^-e-i*) . m2o^itw 

[0 118] :^mm(omm4iz:ifs\^>x}'X^ mi(o^\^m 
bm^4 7 (T—j^3±(omi<D3\^mLmmtim0^'^ 
-r) tm2(D^\^mLmM5o, 5i<Dfs\<ofmwLt\^ 
xm4<ommMm7i (m2tDB\^mvmmsi<DT(o 
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[0 119] >^mM<omm4izi6\r^x^ mi. m2<r>m 
mio, 12, 11, 1 3. »i. m2<ojEm»Mi 
4. 16. 15. I 7ii^^ mM(Dmmi, 2, 3x-mm 

6, 15, I 7 ttkm(OtLit(DmS(OmmMm4 3, 4 

4 1J(ira$tbTv^sfc^e). f53. s^4<omffii 8, 2 

0. 19. 2 1tme(DmM4 5, 4 6^icB^-ra^ 

So 

[0 1 201 2^s:||^fi<?5J^^^4^^:*5V^Tf>lligoJ^ 
Bi. 2. 3 a:I^C<, mi, m2(Dm^l 0, 12. 
11, 1 3$rGNDm8BX»«?®GNDm«ii: U ^3 

om@18, 20lC|^fi:^a. m4<;Dm@19, 21lC*f 

1. xnm3(ommi 2 0 tm&:«^<o^mm!E^^im 

ffiSU^m 2 ^ m 3 <DS«l;&5(^1B3feUfJc^^m ltm2<D 

mmt^mmcfj:^^^ tC355^mEESrRl;(raf sr ^;&s-C# 
SfcJt). ^-JEHI^i^l 4, 1 6, 1 5, 1 7--S]^D-ei: 

[0 12 1] :*:^^fe<D?^ffi4^ci3v^T. ^3. m4<Dm 

«18, 20. 19, 2 1. Sgl, m2<??JEm»^l 
4, 16, 15, 1 71:3:. ^ig<0?^®l, 2, 3^:1^^ 
tcr— -6.2. 3<0^/ilx^6, 7 ^toJC LT^n^4x*fli^ 
tCga®$tl.TV^Sfci«>. ^^v^Y^n 7 0{C*5V^T^ 

m<ommtmt^^^:^ ^ j^^-ct s. 
[0 12 21 ^mm(Dmm4\cis\,^x. ms^m 
m^^4 3, 4 4t^i.m2<DKmnEMi4, le. 

15, 1 7;6S8F^U d^o. B60mffi4 5, 4 6 
3.m40®®18, 20, 19, 21d5|8raurv^$ 
:ti?>. m6C0m<S4 5. 4 6 ^^3. m4<Dm^l 8, 

2 0, 19, 2i(Dmizm±'r^^mB^^^tmm 

[0 1 2 31 ^yt. :*:|l2iS(;5?^^4lC*5V^T. ^1. ^ 

2. ^4. «5. m6<?3mffil 0, 12, 11, 
1 3, 1 8, 20, 1 9, 2 1, 4 1, 42, 45, 4 



6. mi. m2 0§|#ffiUmS4 7 (r-A3±<omi 

<D5i#ffiuii«Mt@^^erf) , 50, 5i,mi.m2 
<oB^mmmi4, le, is. i 7^tfm3ojEm^m 

4 3, 4 4J55. T— A2, 3<0^'hmQ, 7 ^^IC bX 

^ix^tt^fi^jciE®$nrv>-5fw4C). m3. m4<o®ffi 

18, 20, 19. 2 1 <l:m60@^4 5. 46<Dm\Z 

^^T^mm^-^^^Rx^, ms. m4<^m^i s, 2 
0. 19. 2 1 tm2(D^\^m\^mmso, sKomttc 

i>^^t\ x:^(Rj--co^i5Mili^icm6(omS4 5. 4 6 

(0 12 41 ^^M(omi^4\z^\f^x{x. mi 2^ m\ 
3ic;^-r^picmi. m2omm»^i 4. le, 1 

5, 1 7(7)®^$rm3. m40m@l 8, 20, 19, 

2 i<omm^^-'^^^^< u mi. m2 6om=^i 
o, 12, 11, 1 3<o®^^mi. m2<Dffii^Mi 

4, 16. 15, 1 7CD®?|J:U— [pli?:kt < LTV>5 
fci?>> {Kt-m3. m4(7)1Hll 8, 2 0, 19. 2 1* 

fcttmi. m2<7>j[EmiiMi 4. le. is. i7<ov^ 
'mMcy< ^<Dirr^t^± c -c t> m 3 . 
m4<?5^i8. 20, 19. 2 1 ^mi. m2<Dmis 

10. 12, 11, 1 3t<om^^m<^tf>^X^^. 
*fc. m3<OjBEm^lK4 3, 4 4<^>fSfli[^m6<0^«i4 

5, 4 6<^)®SSJ:»?-|1ID:^^< U m5(Ol|&4 1, 

4 2(DMa^m3{?:)iEm^M4 3. 4 4(3Qffi^J: tl— [aJ 

D:*:#< Urv^Sfc^^>. iRlcm60@ffi4 5, 4 6*fc 
rim3<7>EEm»]^4 3, 4 4(OV^i•i^;&^^;l/'?^— ^'r::^' 
>/(7)-ftt;a5^Dyt^-Ct>m6COm^4 5. 4 6<tm5 
<omm4X, 4 2^(OSI&SrBSCC<!:36STtS« *fc. 

m4offmafig7i (m2<©5itttiuii@5 icoTom 
4omm^Mttia^it-r) <r>mm^^2(D^\^m\^mM 

50, 5 1C9®«^9— Ielt>:fe#< miOgitWU 

4 7 (r— A 3 jb<om 1 t m umffitt®:^"^ 

c^®^^m4cOjE®^]^7 1 (m2cr)5l#ttiU®^ 

5 1 <OTom4 <ojBEmS¥K«:El^^) <Z)ffiSJ: 9 -lel 
r>^^<\^X\^^tL}b. {Rt^:m2<O5[#fflLmffi5 0, 

5 i*yt«m4coiEm»^7 1 (m2co^i§mLmii5 

1 OTom 4 <DJEm?^^llia5a^^'f ) OV^m25^cy^•^5' 
5 0. 5 1 ^mi<^§l^tbUm^4 7 (r-i>.3±<Dm 

[0 1 2 5] ^y^i. ;4=:|IJ6<?^J^^2, 3. 4(C*5V>r 

6 0, TOC^WXfi^itWJli^yaV (S i) 
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[0 1 2 6] ^^feO?l^fii2, 3. 4(C*3V^Tt>. 

f«j(cMu-c%. ^m(om'mi'vm--<fztw\m\z, (oo 
(111) ®^5r-Aco^ffi^^:iBI^au^iE:3^a1ll3S 

[0 1 2 7] ^tfe(Dfl^jii2, 3, 4{C:}oV^Tf^. MT— 
A 2, 3^^Clp®!)^<^t^^tfc^?!l^COV^Tii5gbTtfc 

•r>rn4o, 60, 7o\^^ '^m-^fiit^^m\cn'r^ 

V^:5 ;i Id J: I? inT/^ 5^ ^ -SWttSjfc^ 
x-^tc:4s:^M^e^^^n4 0, 6 0. 7 0 t^ffiv^-5r <!: 
[0 12 9] 

cico^l. m2<Dm^±^c^^^i^^tteJi^fc^l. m 
[0 1 3 0] ^i^^/h^^^S^i^ 



H^HKra-rsi^i-^Jt^ti^fe^i. ^2omfii^itr 
lE^i. m2(omm±\c^ix^tm^i'^i%tzmis m2 

Xco/>/^< <bt> 10<DT-AO/>/rf^< <tt ioo±®± 
[0 13 1] *^§qit. »Kc»/J>««^C^^i^ 

•Y^^tC*5V^T. ^i^3^< ^ t> 2 0CDr— Ai;iOT— A 

^mmirh<>t^ < 1 1> 1 oog^^ ^i^bfe^jEms-Jisf 
ix^niir^faj:5ic^tt^ti.fc^i> m2(Dwmt^ 

IBM Is ll2(Dmffi±tJ:^tV-?ttKJt^n^»l. M2 

Off m^j^ h mmm i . « 2 oiEm^j^-hi;iietim^ 

d^oitr^Hi. M2om^J:i9t>mrfsr— AcD^igiijic 
taiJt p> tufc^ 5 om^ t ttr^M 5 oii^±icsitt ^ixfc 
m 3 ojEmf^M ^ triam 3 <oBMMm±\z.wL\f b^ftm 
etommt^^^^^^^^t^ mmmi. m2<Dmm(D 

fcm 1 051 1 a \^mmttitjmm 1 051 ^ w Lmm±{z^ 

»t 4 oEEmi*]^^ stris^ 4 oj£m^j^±(c^{t 
^tt^» 6 i: ^Jl^ $ Ixfc^ 2 o5! t W Lm=IS 
^^i-^y-K^H5t^e;t. mrfem3. m4om^{c£ 

Ao^®(wii:^cD:^fR) (z;^fp]) (c^^fS^ i;;^y ;^ 
SrS^lfjBlv^fcii). i^I&a^;d5fBj_bL. BJJUP^tLfc^ljia^ 

2(o^\^mi.mM<Dm(D^mmt \^xm4<oj£n»mt^ 
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{@2] m^m^(or-M^<oA-Ammm 
[0 31 m^m^<omm^<DmfiF^mm'r^iti^<om«. 
m 

m 

10 71 iEij^Bmm<ommmm(o»miikm%:^m'r^m 

1091 f^*S^i^^>f n(^r-AOB-B»f®ia 
[Sill l^^^^-i^-r-^ czcor— A(OC-C»f®ISI 

[0121 *:^§^<^^lSoj^«i4ie:*5ite#Ji[a/h«« 
[0131 fa^^^i^-V-f n<OT— i^cOD-Dl^cEE! 

[0141 t?§3l?<o»^m/J^««^*^^^:^-^-Yo<?5^ 

SI 

[0151 ^^^i^^-f ^(ommn<oE-Emm^ 
[01] 



2, 3 r— A 
4 

5. 6 1 

6, 7 t'.L'ISl 

10.12 mi(omm 

11, 13 ^2 <D^^ 

14.16 mi(ommnm 

15.17 m2(oB^mni^ 

18, 2 0 |^3CO^^ 
19.21 t54CO@g 

3 1 

3 2, 3 3 W^^:^\^^7^'r^^ 

4 0. 6 0. 7 0 »i^m/J^«^^^^v^^>r n 
41. 42. 62, 63 ^5 (OW^ 
43,44,64.65 ^3 (DKUMSSi 
45.46,66,67 ||6 <omii 

4 7 ^lo^itmumffi 

4 8.4 9 ^mm 

5 0, 5 1 ^2<D^\^m\^^m 
7 1 mAtommmm 



[02] 




/J ;f 7/ }A Id to IS 20 12 n 21 Id 
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